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ABSTRACT 
 
A solar thermal membrane distillation pilot plant 
was operated for over 70 days in field conditions.  
The pilot plant incorporated a single spiral wound 
permeate gap membrane distillation style of 
module.  All energy used to operate the unit was 
supplied by solar hot water collectors and 
photovoltaic panels.  The process was able to 
produce a distillate stream of product water with a 
conductivity less than 10 µS/cm.  Feed water 
concentration varied from 2,400 µS/cm to 106,000 
µS/cm.  The process is expected to find application 
in the production of drinking water for remote island 
and arid regions without the consumption of 
electrical energy.   
 
 
INTRODUCTION 
 
Desalination is the process of removing dissolved 
salts from water.  Feed waters to the process may 
vary from domestic tap water, brackish and 
seawater through to highly salted industrial 
wastewaters.  Product waters from the process are 
typically used for drinking water, industrial 
processes, crop irrigation and wastewater 
minimisation or mineral recovery by the use of 
subsequent processes (e.g. crystallisation).   
 
Common industrial scale processes for desalination 
are reverse osmosis and thermal processes such 
as multi-stage flash, multiple-effect distillation and 
mechanical vapour compression (Cipollina A. et.al. 
2009). These processes are energy intensive. The 
Institute for Future Environments (IFE) has 
evaluated alternative processes to accomplish 
desalination using renewable or sustainable energy 
sources.  One process is solar thermal membrane 
distillation.   This paper presents an evaluation of 
this process including the operation of a field scale 
pilot plant.  The evaluation commenced in August 
2011 at the QUT Pilot Plant Precinct at Banyo in 
Brisbane.   
 
The objective of the study was to operate the pilot 
plant for a range of feed water concentrations to 
determine the desalination performance and 
recovery rate of product water.  The unit was also 
operated over a range of weather conditions.   
 
MEMBRANE DISTILLATION TECHNOLOGIES 
 
Membrane distillation (MD) involves passage of 
water vapour that is relatively free of impurities 
through a microporous hydrophobic membrane.  
The vapour pressure difference across the 
membrane forces the vapour to permeate through 
the open pores.  There is generally a counter 
current flow on the feed water side of the 
membrane to the distillate or product water side of 
the membrane.  The water vapour condenses as a 
relatively pure liquid water on the product water 
side of the membrane.  There is a range of process 
configurations for MD.   
 
MD technologies that establish a vapour pressure 
difference by temperature are: 
• Direct Contact Membrane Distillation 
(DCMD) 
• Permeate Gap Membrane Distillation 
(PGMD) 
• Air Gap Membrane Distillation (AGMD) 
 
Other MD technologies establish a vapour pressure 
difference by lowering the concentration of the 
permeating substance on the product side and 
include: 
• Sweeping Gap Membrane Distillation 
(SGMD) and 
• Vacuum Gap Membrane Distillation 
(VGMD) 
 
A brief summary of the DCMD and PGMD 
techniques is given below (Winter D. et. al. 2011).   
 
Direct Contact Membrane Distillation (DCMD)  
 
The simplest method of membrane distillation is the 
direct contact membrane distillation technique.  The 
membrane separates the hot water feed in the 
evaporator channel from the cold distillate in the 
condenser channel as shown in Figure 1.  The 
hydrophobic membrane property prevents liquid 
water from entering the membrane structure and 
supports the liquid-vapour processes. Due to the 
temperature difference across the membrane, 
water vapour penetrates the membrane and 
condenses on the cold side of the membrane.   
 
 
Figure 1: Direct Contact Membrane Distillation 
 
Permeate Gap Membrane Distillation (PGMD) 
 
Permeate gap membrane distillation is an 
enhancement of DCMD. A third channel is 
employed by the use of an impermeable foil as 
shown in Figure 2.  A significant advantage of this 
configuration is the separation of the distillate from 
the coolant.  Therefore the coolant can be any other 
liquid, such as cold feed water.  This offers the 
opportunity to integrate an efficient heat recovery 
system.   
 
Figure 2: Permeate Gap Membrane Distillation 
 
PILOT PLANT EQUIPMENT 
 
The membrane distillation module used in this pilot 
study is a spiral wound module that uses the 
permeate gap membrane distillation (PGMD) 
technique.  This membrane was developed by the 
Fraunhofer Institute for Solar Energy Systems 
(ISE).   
 
The solar MD pilot plant used in this study was 
purchased from the Solar Spring company 
(http://www.solarspring.de/) of Frieberg, Germany.  
A schematic of the pilot plant, known as an Oryx 
150 is given in Figure 3.     
 
The unit was assembled and commissioned by the 
Solar Spring company at the Banyo Pilot Plant 
Precinct in August 2011.  The pilot  plant has a 
single spiral wound membrane distillation module 
with a nominal membrane area of 10 m2.  The unit 
was supplied with three solar hot water (HW) 
collectors (7.5 m2) capable of operation on 
seawater and higher salted feed waters.  A 12 VDC 
feed water pump is driven directly by a 80 Wp (0.68 
m2) solar photovoltaic panel.   
 
Minor modifications to the system improved  
operation for ambient conditions in Brisbane.  One  
modification was the provison of a second 12 VDC 
pump driven by a 65 Wp (0.48 m2) solar PV panel 
with a charge controller and 12 V battery.  This refill 
pump ensures that the feed water from the bulk 
feedwater delivered to the site is delivered into the 
feed water day storage tank via a renewable energy 
source.   
 
The pilot plant was set-up in the concrete car park 
area at the Banyo facility with the solar HW 
collectors and PV panels facing north.   
 
A photograph of the pilot plant in operation is given 
in Figure 4.   
 
 
METHODS 
 
Feed water was collected from a fishing pontoon or 
boat ramp near the mouth of Kedron Brook in the 
Brisbane suburb of Nudgee.  Feed water was 
collected in 25 Litre containers or pumped into a 
1000 Litre Intermediate Bulk Container (IBC) and 
transported to the Banyo facility by road.  The feed 
water was stored adjacent to the solar MD pilot 
plant in a 1,000 Litre IBC bulk container or a 5,000 
Litre poly bulk water tank.  The feed water from 
these bulk containers was pumped by the solar 
driven refill pump as required into the approx. 500 
Litre feed water day storage tank mounted at the 
top of the HW collectors.       
 
Measurements of feed water and product water 
(distillate) salinity were conducted using the 
conductivity sensor of a hand held YSI Pro Plus 
multi-parameter analyser.  Units of measurement 
were conductivity in micro-siemens per centimetre 
(µS/cm).  The evaluation was supported by 
laboratory analysis for metals and other analytes by 
the Central Analytical Research Facility (CARF), 
IFE and the NATA registered Scientific and 
Analytical Services (SAS) laboratory at Darra, 
Brisbane.   
 
Measurement of solar radiation were collected 
using a portable Apogee MP-200 Pyranometer 
purchased from Campbell Scientific.   
 
The solar MD pilot plant was operated for over 900 
hours over more than 70 separate operational days.   
 
 
 
 
 
Figure 4: Pilot Plant set-up at Banyo 
 
RESULTS 
 
Desalination Performance 
 
The results from a selection of 13 days for varying 
weather conditions over the period of the study is 
presented in Table 1.  These days demonstrate 
desalination performance for a range of feed water 
concentrations.  There are two sets of results for 
the 19/04/2013 as a new batch of feed water was 
brought in during this day.   
 
Table 1: Desalination Performance 
 
Date
Feed 
water 
Product 
water
Product 
water 
19/08/2011 12,400 4.5 67
21/09/2011 49,600 7.9 59
22/09/2011 52,500 3.2 70
23/09/2011 59,500 5.6 66
12/10/2011 60,000 2.7 55
13/10/2011 2.8 39
7/11/2011 86,700 2.5 44
23/11/2011 106,000 5.2 19
9/04/2013 37,200 4.4 40
18/04/2013 7,300 2.5 56
19/04/2013 2,380 3.5 26
19/04/2013 31,900 4.6 49
22/04/2013 34,700 8.2 30
23/04/2013 39,500 8.8 75
Conductivity 
Litres
µS/cm at 25⁰ C
 
The increased feed water conductivity from 49,600 
to 106,000 µS/cm in Table 1 was due to the recycle 
mode of operation for the pilot plant whereby the 
brine stream is returned directly to the feed water 
Figure 3: Solar MD Pilot Plant 
Table 2: Laboratory results for selected days
Date Sample pH Turbidity Conduct'y TDS Cl Na Mg S K Ca Product
NTU µS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L L/day
22/09/2011 Feed 8.1 2.1 52,500 33,600 22,600 9,900 1,200 830 410 360
Product 6.3 0.2 3.2 2 <1.0 1.6 <0.5 <1.0 <0.5 <0.2 70
18/04/2013 Feed 7.7 0.4 7,300 4,700 2,300 1,400 160 130 48 68
Product 6 <0.1 2.5 1.6 <1.0 <10 <0.5 <1.0 <1.0 <0.2 56
19/04/2013 Feed 8.3 0.56 31,900 20,000 12,000 6,300 670 450 250 250
Product 6.2 <0.1 4.6 2.9 <1.0 <10 <0.5 <1.0 <1.0 <0.2 49
23/04/2013 Feed 8.1 1.4 39,500 25,000 16,000 8,400 850 600 290 305
Product 6.6 <0.1 8.8 5.6 <1.0 0.63 <0.5 <1.0 <1.0 <0.2 75
day storage tank.  This has the effect of 
concentrating the feed water to the pilot plant.  The 
low conductivity feed waters in Table 1 were 
created by dilution of the seawater brought in to the 
facility.   
 
The results presented demonstrate the ability of the 
solar MD pilot plant to generate a product water of 
less than 10 µS/cm for a range of feed water 
conductivity values from 2,400 to 106,000 µS/cm.   
 
For the data in Table 1, the range of product water 
conductivities from 2.5 to 8.8 µS/cm is typical level 
of variation – within a narrow range – given the 
wide range of feed water conductivity.  As this was 
a field trial it was difficult to guarantee that the 
product water samples did not contain airborne 
salts or aerosols due to prevailing atmospheric 
conditions and sampling methods.  Nevertheless, 
the data in Table 1 show that the system has 
excellent capacity to reduce conductivity to low 
levels.  
 
A comprehensive suite of laboratory analyses was 
conducted for four separate days.  Results are 
presented in Table 2.  These laboratory results 
confirm the ability of the process to produce product 
water with total dissolved salts less than 10 mg/L 
for varying feedwater TDS up to 34,000 mg/L.   
 
Analyses for Chloride, Sodium, Magnesium, 
Sulphur, Potassium and Calcium for the product 
water are in almost all cases less than the limit-of-
reporting for the laboratory.   
 
The degree of removal of salts is essentially 
independant of the concentration of salts in the 
feed water.  Very pure water was produced under 
all conditions evaluated.   
 
 
 
 
 
Production Rates 
  
Over the period of the study the production of 
distilled product water varied from zero to 75 L/day.   
 
Due to the proximity of adjacent buildings and trees 
it was not possible to locate the pilot plant where it 
would receive the maximum solar irradiance for the  
period of daylight.  Three locations within the Banyo 
carpark were used.   
 
For the varying weather conditions for the days in 
Table 1 the daily production of distillate ranged from 
19 to 75 Litres.   
 
With reference to Table 1 no correlation should be 
drawn between the produced water (Litres) and the 
salt concentration of the feed water.  The day of the 
19 Litres produced was for unfavourable (cloudy)  
weather conditions.  Previous studies with this 
membrane module have demonstrated that for 
constant solar irradiance the production rate is 
reduced as the salt concentration in the feed water 
increases.  However, the low daily production rate 
of 19 Litres from Table 1 for the 23/11/2011 is 
attributed to the poor weather on this day rather 
than  reduced capacity due to the elevated salt 
concentration in the feed water.   
 
For this study, the maximum production of distillate 
for an almost full sunny day is 75 litres on 23rd April 
2013.  Figure 5 presents the production rate versus  
solar irradiance for this day.     
 
The pyranometer trace in Figure 5 shows the 
almost full sunny day of 23rd April 2013 in which 75 
litres of product water was produced.  There was an 
obvious reduction in solar irradiance for the 30 
minute periods ending 2:30 and 3:00 pm.  In 
general, the production of distillate closely follows 
the solar irradiance received.  It is believed that the 
data points for product water for 12:00 and 1:30 pm 
are anomalous.   
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Figure 5: Example day for Solar Irradiance vs Distillate Production   
Peak solar irradiance for this day was about 730 
W/m2.  Around the southern hemisphere summer 
solstice in December the peak irradiance can reach 
1,100 W/m2.  During this study, we were not able to 
operate the pilot plant for a day of peak summer 
sunshine.  It is estimated that up to 90 L/day of 
product water could be produced for a full day of 
peak summer sunshine.    
 
Product Recovery Rates 
 
As mentioned earlier, the normal mode of operation 
for the pilot plant is a recycle mode whereby the 
brine stream is returned directly to the feed water 
day storage tank.  In this recycle mode, the product 
water recovery rate varies from zero (near start-up 
and shutdown times) to a maximum instantaneous 
hourly recovery of about 3% (15 L/hr distillate 
produced/500 L/hr feed water rate).  Typical daily 
recovery rates will be less than 2%.  This rate 
compares with the more common reverse osmosis 
process for seawater desalination which has 
recovery rates of the order of 35%.  However, the 
quantum difference between these two membrane 
technologies is the ability to produce very pure 
water from MD using renewable energy sources.   
 
 
DISCUSSION 
 
The solar MD pilot plant operating in a fixed 
position is able to produce a maximum of 75 L of 
high quality distilled water for a near full sunny 
autumn day in Brisbane.  The production rate is 
strongly related to the solar irradiance received and 
converted into hot water by the hot water collectors. 
 
This work  has demonstrated that the solar MD pilot 
plant removes common salts found in seawater to 
less than 10 µS/cm for a wide range of feed water 
concentrations up to 100,000 µS/cm.  The product 
water quality is virtually independant of the salt 
concentration of the feed water.     
 
The water produced is suitable for drinking.  
However, the produced water is not buffered and 
will be aggressive to metal and concrete surfaces.  
The addition of a remineralisation filter and a 
second disinfection barrier would be preferred to 
produce drinking water to meet the Australian 
Drinking Water Guidelines.  This thermally driven 
membrane distillation technology has been scaled 
up to produce 5,000 L/day of drinking water.   
 
It is a simple and reliable technology that is 
expected to find application in remote island 
desalination and arid region brackish drinking water 
treament.  At this stage of its technology 
development it is not readily scaleable to large 
sized drinking water plants.  
 
Only low grade heat (less than 90 ºC) is required to 
heat the feed water.  Alternative heat sources may 
be used including low grade heat from industrial 
processes.    
 
CONCLUSION 
 
This pilot scale evaluation of a spiral wound 
membrane  distillation module has demonstrated 
the suitablility of this MD module to remove 
common salts from brackish and seawater to very 
low levels (e.g. less than 10 µS/cm).   
 
The system is also capable of producing this same 
quality of water from a feed water concentration of 
over 100,000 µS/cm.   
 
The pilot plant was able to produce 75 L/day of 
product water for an almost full sunny day in April 
2013.   
 
The system is expected to find application in 
remote locations to produce drinking water without 
the consumption of electrical energy.   
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